OBJECTIVES The aim of this study was to investigate the predictive accuracy of invasive coronary microvascular indexes for identifying microvascular obstruction (MVO) on cardiac magnetic resonance imaging (CMR) in patients treated with primary percutaneous coronary intervention (PCI) for ST-segment elevation myocardial infarction (STEMI).
M icrovascular obstruction (MVO)
occurs frequently in patients with ST-segment elevation myocardial infarction (STEMI) even after timely revascularization of the culprit artery (1, 2) .
MVO is associated with the occurrence of cardiac death, congestive heart failure, and myocardial reinfarction (1, 3) . Cardiac magnetic resonance imaging (CMR) is considered the optimal diagnostic imaging modality to detect MVO (4) . CMR also provides clinicians with multifaceted information including cardiac function, chamber sizes, regional wall motion abnormalities, intramyocardial hemorrhage, infarct size, transmural extent of infarction (TEI), and myocardial salvage (4, 5) . Among them, MVO is regarded as the most powerful prognostic indicator of poor clinical outcomes and provides incremental value beyond clinical risk and left ventricular function assessments (1, 3, 4) .
Despite these advantages, CMR is not frequently used clinically to risk-stratify patients after STEMI due to the cost of CMR and concerns about the safety of performing CMR immediately after STEMI when the findings are most helpful. Indeed, early left ventricular remodeling, reperfusion injury, and microvascular edema resulting in dynamic microvascular changes begins during the acute phase of STEMI (6, 7) .
As a result, numerous invasive physiological indexes have been developed and evaluated in STEMI patients (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) .
The index of microcirculatory resistance (IMR) and thermodilution-derived coronary flow reserve (CFR thermo ) can be measured quickly and simply using a single pressure sensor/thermistor-tipped guidewire in the catheterization laboratory immediately after primary percutaneous coronary intervention (PCI). An increased IMR, a marker of pure microvascular dysfunction, after STEMI has been associated with the lack of recovery of regional wall motion abnormalities (13) and mortality (16) .
Reduced CFR thermo reflecting diminished epicardial and microvascular flow has also been associated with adverse cardiac events in STEMI patients after primary PCI (18) . We hypothesized that the combination of the IMR and CFR thermo has incremental value for predicting MVO compared with either index alone. Accordingly, the aim of this study was to investigate the incremental predictive values of the IMR, CFR thermo , and the combination of both to detect MVO on CMR in patients treated with primary PCI for STEMI. All patients received 300 mg aspirin and 300 to 600 mg clopidogrel immediately after STEMI diagnosis by electrocardiogram. After an intravenous bolus injection of unfractionated heparin (70 U/kg), intravenous infusion (1,000 U/h) was continued, and, if necessary, additional boluses were administered to achieve an activated clotting time of 300 s. After passing through the lesion with a 0.014-inch guidewire, thrombus aspiration was performed using a 6-F Thrombuster II (Kaneka Medical Products, Osaka, Japan) in selected patients at the physician's discretion. Subsequently, balloon pre-dilation followed by stent deployment was performed. Pre-dilation was performed in all patients using an undersized balloon 
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IMR, CFR, and MVO After Reperfused STEMI IMR >36 and CFR thermo #1.7, whereas those with an IMR #36 and CFR thermo >1.7 had no MVO ( Figure 3 ). Values are n (%) or mean AE SD.
CFIp ¼ pressure-derived collateral flow index; CFRthermo ¼ thermodilution-derived coronary flow reserve; CK-MB ¼ creatine kinase-myocardial band; CMR ¼ cardiac magnetic resonance imaging; Cw ¼ coronary wedge pressure; FFR ¼ fractional flow reserve; IMR ¼ index of microcirculatory resistance; IMRcor ¼ corrected IMR; MBG ¼ myocardial blush grade; Pa ¼ mean aortic pressure; Pd ¼ mean distal coronary pressure; Tmn ¼ mean transit time; other abbreviations as in Tables 1 and 2 .
FIGURE 3 Incidence of MVO, Grouped by IMR and CFR thermo
When stratifying patients by the upper tertile values of both the IMR (36) and CFR thermo (1.7), MVO occurred in all patients with an IMR >36 and CFR thermo #1.7, whereas those with an IMR #36 and CFR thermo >1.7 had no MVO (p < 0.001). Abbreviations as in Figure 2 . Abbreviations as in the Table 3 . Figure 2 .
A P R I L 2 5 , 2 0 1 6 : 7 9 3 -8 0 1 (24) . In stable coronary artery disease, the CFI p is likely to represent the amount of recruitable collateral flow to the myocardium distal to the occluded artery (27) . However, in the STEMI setting, the CFI p is unlikely to reflect collateral flow because increased microvascular resistance due to extensive myocardial vascular obstruction impedes ejection of myocardial blood into the venous system. Indeed, a higher CFI p is associated with worse functional recovery after acute myocardial infarction (28). These findings are in keeping with our observations that C w and the CFI p tended to be higher in patients with MVO.
STUDY LIMITATIONS. This study was conducted on a limited patient population at a single center in South Korea. Our findings therefore could not be extrapolated to high-risk STEMI or cardiogenic shock patients who might have even more extensive MVO.
However, it would be difficult to consent these unstable patients in detailed mechanistic investigations such as the present study. 
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